OBJECTIVE -To examine the association of the metabolic syndrome, defined by World Health Organization (WHO) and Adult Treatment Panel III (ATP-III) criteria, and its components with coronary artery calcium (CAC) progression.
C
oronary artery calcium (CAC) assessed by electron-beam computed tomography (CT) is a marker of atherosclerotic plaque burden (1) and predicts future cardiac events independent of traditional coronary heart disease (CHD) risk factors (2,3). Moreover, CAC progression is associated with worsening of plaque burden as assessed by angiography (4). An increase of more than 15% in the total CAC score predicts an increased risk of myocardial infarction in observational studies (1, 5, 6) .
Population-based studies using either World Health Organization (WHO) or National Cholesterol Education Program Adult Treatment Panel III (ATP-III) definitions of metabolic syndrome have shown that mortality from CHD is higher in people with metabolic syndrome (7, 8) . In cross-sectional studies, metabolic syndrome has been associated with greater CAC burden (8 -10) , and one study found that metabolic syndrome components such as hypertension and diabetes were independent predictors of CAC progression (11) , but the effect of metabolic syndrome on CAC progression has not been reported.
We examined the prevalence of metabolic syndrome defined by WHO and ATP-III criteria in older communitydwelling ambulatory adults without known CHD and the independent association of baseline metabolic syndrome or its components with CAC progression in this cohort.
RESEARCH DESIGN AND METHODS -P a r t i c i p a n t s w e r e members of the Rancho Bernardo Study, a southern California community-based study of middle-to upper-middle-class Caucasian adults established in 1972. This article examines the surviving community-dwelling participants with no history of CHD (angina pectoris, myocardial infarction, or coronary artery revascularization) who participated in a clinic visit in 1997-1999 and returned for a follow-up visit in [2005] [2006] (mean interval 4.5 Ϯ 0.5 years). At the 1997-1999 visit, 422 participants had electron-beam CT of the heart to test for coronary artery calcification; 342 returned for the follow-up evaluation. Those who did not return for follow-up (n ϭ 84) included refusals (n ϭ 43), deaths (n ϭ 21), and participants who were unreachable or who had cancelled their appointment for unknown reasons (n ϭ 20). In addition, four participants completed the second visit but refused blood draw and were excluded, leaving 338 participants for the present analyses. Compared with the participants who returned for follow-up, those who did not return were older and had higher levels of systolic blood pressure and fasting plasma glucose (FPG) at the baseline visit but did not differ in other risk factors. All participants provided written informed consent at both visits. The study protocol was approved by the Human Re-
search Protection Program at the University of California San Diego.
Data collection
In 1997-1999, height and weight were measured in participants wearing light clothing and no shoes using a regularly calibrated scale and stadiometer. BMI was calculated as weight in kilograms divided by the square of height in meters. Waist circumference was measured in standing subjects midway between the inferior lateral margin of the ribs and the superior lateral border of the iliac crest. Hip circumference was measured as the widest hip circumference.
FPG and HDL and LDL cholesterol levels were measured in a lipid research clinic laboratory using standard enzymatic methods in blood samples collected after an overnight, usually 12-h, fast. Systolic and diastolic blood pressure was measured twice in seated resting subjects by certified staff according to a standard protocol (12) . Hypertension was defined as systolic blood pressure Ն140 and/or diastolic Ն90 mmHg or use of antihypertensive medication. Other cardiovascular risk factors including current cigarette smoking, alcohol intake (at least three times a week), and physical activity (exercise at least three times a week) were assessed using standard questionnaires. Baseline medication use was validated by a trained nurse who examined pills and prescriptions brought to the clinic for that purpose; medication use at the time of the second CAC evaluation was obtained by questionnaire.
Metabolic syndrome was defined in two ways, in accord with WHO criteria (13) or ATP-III guidelines (14) . Metabolic syndrome defined by WHO criteria required type 2 diabetes, impaired fasting glucose (fasting glucose 110 -125 mg/dl), or impaired glucose tolerance (postchallenge glucose 140 -199 mg/dl) plus any two of the following: hypertension (Ն140/90 mmHg or use of antihypertensive drugs), high triglycerides (Ն150 mg/ dl), low HDL cholesterol (Ͻ35 mg/dl for men and Ͻ39 mg/dl for women), obesity (BMI Ͼ30 kg/m 2 and/or waist-to-hip ratio Ͼ0.9 for men and Ͼ0.85 for women), urinary albumin excretion rate Ն20 g/ min, or albumin-to-creatinine ratio Ն30 mg/g. Metabolic syndrome defined by ATP-III criteria required three or more of the following: FPG Ն110 mg/dl, abdominal obesity (waist circumference Ͼ102 for men cm and Ͼ88 cm for women), high triglycerides (Ն150 mg/dl), low HDL cholesterol (Ͻ40 mg/dl for men and Ͻ50 mg/dl for women), or hypertension (Ն130/85 mmHg or use of antihypertensive drugs).
CT imaging protocol CAC scores were assessed using an electron-beam CT (Imatron C-150 scanner; Imatron, San Francisco, CA). Heart images were obtained with 100-ms scan time using 3-mm slices starting at the level of the carina and proceeding to the level of the diaphragm; ϳ40 -45 slices were obtained. Tomographic imaging was electrocardiographically triggered at 40 or 65% of the RR interval, depending on the participant's heart rate. CAC was defined as a plaque of at least two pixels (area 0.67 mm 2 ) with a density Ն130 Hounsfield units (HU). Quantitative calcium scores were calculated using the method of Agatston et al. (15) and by volumetric scores (acquired by multiplying the pixel area by the section thickness of the region of interest). The total volume scores were derived by the sum of all lesion volumes in cubic millimeters.
Statistical analyses
All analyses were performed using SPSS (version 13.1; SPSS, Chicago, IL). In univariate analyses, clinical characteristics and metabolic syndrome components were compared according to the presence of metabolic syndrome by ATP-III or WHO criteria using Student's t tests. P Ͻ 0.05 was considered significant. Variables with normal distribution were presented as means Ϯ SD, and those with nonnormal distribution are presented as median (interquartile range). Skewed variables were log transformed for statistical analyses.
CAC scores were categorized according to the criteria of Rumberger et al. (16) , which define CAC scores of 0 -10 HU as none/minimal, 11-99 HU as mild, 100 -399 HU as moderate, and Ն400 HU as severe. CAC progression was analyzed as a continuous outcome (CAC volume scores change ϭ CAC volume score on second visit Ϫ CAC volume score at baseline visit) and as a categorical outcome (CAC progression yes/no). We defined progression as a difference between baseline CAC and follow-up square-roottransformed total CAC volume score Ն2.5 mm 3 (17) . Because interscan variability and error depend on CAC absolute value (CAC variability and score error are larger in patients with increased baseline CAC scores than in those with lower scores), this definition provides an estimate of change that is unbiased with respect to baseline CAC. In the present study, this definition of CAC progression is between the mean and Ϫ1 SD of square-root-transformed CAC change, which is approximately equivalent to an annual increase of 30% in CAC absolute values and concordant with previous studies that observed an annual 24% CAC increase in untreated adults (18) .
The association between the presence of metabolic syndrome or its individual components and total CAC volume score change was examined using linear regression before and after adjustment for potential non-metabolic syndrome confounding variables (age, sex, smoking status, and LDL cholesterol). These covariates were chosen based on established associations with CAC and atherosclerosis; highly correlated variables such as total cholesterol and LDL cholesterol were not used in the same model. The Hosmer and Lemeshow test was applied to evaluate whether the estimates of the model fit the data at an acceptable level (P Ͼ 0.05). Individual risk factors were examined as predictors of categorical CAC progression in logistic regression models before and after adjustment for the same confounders. CAC progression analyses were repeated stratifying by age Ͻ65 and Ն65 years.
RESULTS -Participants included 156 men and 182 women aged 67.6 Ϯ 7.6 years. Mean follow-up was 4.5 Ϯ 0.5 years. The average BMI Ϯ SD was 26.2 Ϯ 3.8 kg/m 2 , and the mean total cholesterol Ϯ SD was 208.1 Ϯ 34 mg/ dl; 43.5% were hypertensive, and 7.2% had diabetes. Half the cohort had never smoked, and 5.3% were current smokers. Prevalence of metabolic syndrome at baseline was 15.1% (44 of 292) by WHO criteria and 11.8% (40 of 338) by ATP-III criteria. (The sample size was smaller for participants classified by WHO criteria because only 292 of the 338 participants were evaluated for baseline albuminuria.) Only 18 of 292 subjects (5.3%) met both definitions of metabolic syndrome. Table 1 shows prevalence of metabolic syndrome components for participants with and without WHO-and ATP-III-defined metabolic syndrome. By definition, participants with metabolic syndrome by either criteria had increased conventional risk factors (blood pressure, fasting glucose, triglycerides, and low HDL cholesterol) as well as adverse anthropometric characteristics compared with those without. Total and LDL cholesterol were not associated with metabolic syndrome by either definition.
Participants with WHO-defined metabolic syndrome at baseline were more likely to be using a diuretic (25 vs. 9.7%, P ϭ 0.04), cholesterol-lowering medication (29.5 vs. 14.9%, P ϭ 0.01), or calcium channel blocker (18.2 vs. 6.9%, P ϭ 0.01) than those without metabolic syndrome, and estrogen therapy was less common among women with metabolic syndrome (13.2 vs. 41.9%, P ϭ 0.03). There were no differences in the use of aspirin, ␤-blockers, or ACE inhibitors. More individuals with metabolic syndrome by ATP-III criteria were using diuretics (27.5 vs. 9.7%, P Ͻ 0.001) or ␤-blockers (27.5 vs. 6.7%, P Ͻ 0.001) than those without metabolic syndrome, but use of cholesterol-lowering medications, calcium channel blockers, ACE inhibitors, aspirin, or estrogen therapy did not differ significantly. 
Multivariate analysis
Multivariate linear regression was used to assess the association between CAC volume score change and individual components of metabolic syndrome as continuous variables adjusting for age, sex, LDL cholesterol, and smoking status. Only blood pressure (standardized ␤-coefficient: systolic blood pressure 0.19, P ϭ 0.001; diastolic blood pressure 0.14, P ϭ 0.007) and FPG (standardized ␤-coefficient 0.16, P ϭ 0.02) were independently associated with CAC progression (Table 3) . The same multivariable model was used to assess the association between metabolic syndrome by WHO or ATP-III criteria with categorical (yes/no) progression of CAC. Metabolic syndrome neither by WHO nor by ATP-III was associated with CAC progression in models adjusted for age, sex, LDL cholesterol, and smoking status (Fig. 1) P ϭ 0.002) (Fig. 1) . Moreover, CAC volume changes were greater for higher categories of systolic blood pressure (CAC volume change [square root]: systolic blood pressure Ͻ120 mmHg, 1.8 Ϯ 2.2; 120 -140 mmHg, 2.4 Ϯ 2.8; 140 -160 mmHg, 3.1 Ϯ 3.2; Ͼ160 mmHg, 4.1 Ϯ 3.0; P ϭ 0.003 for linear trend) in models adjusting for the same covariates.
In a post hoc analysis stratified by age-group, fasting hyperglycemia (Ͼ100 mg/dl) was an independent predictor of CAC progression (OR 2.3 [95% CI 1.01-5.5], P ϭ 0.04) for participants younger than 65 years of age (n ϭ 118) but not for the older group. Age-stratified analyses did not differ for other metabolic syndrome components or for the presence of the metabolic syndrome. Further adjustment for medication use did not materially change any of the results.
CONCLUSIONS -The prevalence of metabolic syndrome in this older Caucasian population without known CHD was 11-13% depending on metabolic syndrome definition; metabolic syndrome by either definition was not an independent predictor of CAC progression. Among the metabolic syndrome components, only hypertension was independently associated with CAC change overall, while hyperglycemia independently predicted CAC progression only in individuals younger than age 65 years.
The prevalence of the metabolic syndrome in adult Caucasians in the U.S. is reported to be 20 -25% (19) . The lower prevalence in our cohort likely reflects the fact that individuals with known CHD were excluded. This might have had the effect of reducing associations by exclusion of those with more risk factors who already had heart disease. This fits with the age-stratified analyses, where results were more pronounced in participants younger than age 65 years.
The finding that individuals with metabolic syndrome by WHO but not by ATP-III criteria had higher values of CAC at the baseline visit and more progression during follow-up is concordant with a small study (100 men aged 30 -39 years) in which metabolic syndrome defined by WHO, but not ATP-III, was independently associated with CAC Ͼ10 HU (20) . This study did not report CAC progression.
The main CHD risk factors reported to be associated with CAC progression are age, male sex, baseline CAC scores, diabetes, hypertension, and use of cholesterollowering medication (5,6,21). In the large (5,756 participants) Multi-Ethnic Study of Atherosclerosis (MESA), which evaluated risk factors for CAC progression over 2.4 years, many cardiovascular risk factors (age, male sex, hypertension, BMI, diabetes, and family history of heart attack) were associated with both the risk of developing incident CAC and increases in existing calcification (11) . Compared with the present study, MESA was much larger, had a shorter interval between scans, and defined CAC progression as any newly detectable CAC, which may not allow a fair comparison. Moreover, MESA did not evaluate metabolic syndrome as a predictor of CAC progression.
Based on new evidence, the usefulness of the metabolic syndrome definition has been questioned. After the present analysis was completed, in a study based on a large cohort of 7,258 adults aged 65 years or older and free of CHD, metabolic syndrome by either ATP-III or WHO definitions did not predict CHD mortality, but two components (blood pressure and glucose) did predict CHD mortality (22) . These results parallel those in the present study, in which, after adjusting for confounders, blood pressure and glucose but not metabolic syndrome were useful in predicting those that will have progression of subclinical atherosclerosis. In our study, the presence of hypertension was associated with a 110% increased likelihood of CAC progression, and its presence was a better predictor than the 
